Abstract. The use of propranolol for the treatment of infantile hemangioma (IH) has been widely investigated in recent years. However, the underlying therapeutic mechanism of propranolol for the treatment of IH remains poorly understood. The aim of the present study was to investigate the expression of proteins regulated by cellular tumor antigen p53 (p53) in associated apoptosis pathways in IH endothelial cells (HemECs) treated with propranolol. Furthermore, the present study aimed to investigate the exact apoptotic pathway underlying the therapeutic effect of propranolol against IH. In the present study, HemECs were subcultured and investigated using an inverted phase contrast microscope, immunocytochemical staining and a scanning electron microscope (SEM). Experimental groups and blank control groups were prepared. All groups were subjected to drug treatment. A high p53 expression model of HemECs was successfully established via transfection, and a low p53 expression model of HemECs was established using pifithrin-α. The apoptosis rate of each group was determined using Annexin V-fluorescein isothiocyanate/propidium iodide double staining and flow cytometry. The expression levels of downstream proteins regulated by p53 [tumour necrosis factor receptor superfamily member 6 (FAS), p53-induced death domain-containing protein (PIDD), death receptor 5 (DR5), BH3-interacting domain death agonist (BID), apoptosis regulator BAX (BAX), p53 unregulated modulator of apoptosis (PUMA), phosphatidylinositol-glycan biosynthesis class S protein (PIGS), and insulin-like growth factor-binding protein 3 (IGF-BP3)] were revealed in the experimental and control groups via western blotting. Microscopic observation revealed the growth of an adherent monolayer of cells, which were closely packed and exhibited contact inhibition. Immunocytochemical staining demonstrated increased expression of clotting factor VIII. SEM analysis revealed presence of Weibel-Palade bodies. The results of the analyses verified that the cultured cells were HemECs. The staining of the samples resulted in a significantly increased rate of apoptosis in experimental groups compared with the blank control group. This result suggested that there is an association between p53 expression and the rate of apoptosis of propranolol-treated HemECs. The results of the western blot analysis demonstrated an upregulation of BAX expression and a downregulation of IGF-BP3 expression in the HemECs treated with propranolol. There were no significant differences in the expression levels of FAS, DR5, PIDD, BID, PUMA and PIGS between experimental and control groups. This result suggests that p53 has an important role in HemEC apoptosis. The results of the present study additionally suggest that the propranolol-induced HemEC apoptosis pathway is a mitochondrial apoptosis pathway and is regulated by p53-BAX signaling.
Introduction
Infantile hemangioma (IH) is the most common benign tumor affecting infants (1), with an incidence of 5-10%
Propranolol induces hemangioma endothelial cell apoptosis via a p53-BAX mediated pathway 6 , JING-TING DU 1, 4 , SU-MENG GE 1, 4 and JUN-BO TU 1 year post-birth (2, 3) . IH is more prevalent in African, American and Asian populations compared with Caucasian populations. IH occurs more frequently in females (male:female ratio, 1:3) (1,4). The head and neck are the most commonly-affected bodily areas (60%), which are followed by the trunk (25%) and the extremities (15%) (1, 5) . IH is typically characterized by dramatic postnatal growth followed by spontaneous regression, with a complete regression rate of 90% by the age of 9 years (1, 6) . Therefore, the majority of patients with IH do not require treatment, as tumors naturally regress over time; however, during the dramatic postnatal growth phase, ~10% of cases, dependent upon their anatomical location, may exhibit severe symptoms of ulceration and hemorrhage (7) . Occasionally, potentially life-threatening complications such as airway impairment may develop (7) . Previous studies have suggested numerous pharmacological agents for the treatment of problematic IHs, including oral corticosteroids, interferon-α and bleomycin A5; however, long-term use of these agents may have harmful side effects (8) . Léauté-Labrèze and Taïeb (9) revealed that propranolol exhibits a therapeutic effect against IH, which has provided potential new treatment options for complicated IH (10) . Following this discovery, numerous studies have investigated the clinical application of propranolol for the treatment of IH, and have demonstrated that propranolol is an effective and safe therapeutic agent (8, 9, (11) (12) (13) . In recent years, propranolol has become the fist-line treatment for IH in many major medical centers globally (14, 15) . Despite widespread use of propranolol as a therapeutic agent for the treatment of IH, the mechanism underlying its therapeutic effects has not yet been determined (1, 16) . Vasoconstriction, inhibition of angiogenesis and induction of apoptosis are three possible mechanisms that propranolol may be associated with that result in the inhibition of IH growth (17) (18) (19) . Several molecules have been revealed to regulate the interactions between pericytes and hemangioma-derived endothelial cells (HemECs) (20) (21) (22) . Mancini and Smoller (21) revealed that the apoptosis rate of HemECs during the proliferation stage of IH is enhanced compared with during the involution stage. Furthermore, the expression of Bcl-2 (an inhibitor of apoptosis) during the proliferation stage of IH is significantly suppressed compared with during the regression stage (22, 23) . These findings suggest a close association between the regression of IH and the apoptosis of HemECs. Furthermore, a previous study (24) demonstrated the contribution of p53-dependent apoptosis to the therapeutic effect of pingyangmycin against IH. Therefore, in the present study, an enhanced p53-expression model was established via transient transfection, and a serum-starved p53-expression model was established using a p53 inhibitor to inhibit the function of p53 during the induction of apoptosis in HemECs, following treatment with propranolol. The results demonstrated that enhanced p53 expression increases the apoptosis rate of HemECs, and that the p53-BAX mediated mitochondrial pathway has an important role in this process.
Materials and methods
Ethical approval. The present study was approved by the Ethical Board of The Second Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China). Clinical diagnoses of each patient were confirmed in the Department of Pediatric Surgery, The Second Affiliated Hospital of Xi'an Jiaotong University. Written informed consent was obtained routinely from the families of each patient, in accordance with the treatment protocol of the associated hospital. Additionally, written informed consent was obtained regarding the handling of samples according to the Declaration of Helsinki.
Isolation and culture of HemECs. The HemEC cell line was same as in a previous study (24) . HemECs were isolated from a proliferating IH at the Department of Pediatric Surgery of The Second Affiliated Hospital of Xi'an Jiaotong University. Resected tissue of a proliferating IH were subjected to enzymatic digestion by trypsin (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and then centrifuged at 100-200 x g at 37˚C for 30 sec. HemECs were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), 100 µg/ml streptomycin and 100 µg/ml penicillin (all Invitrogen; Thermo Fisher Scientific, Inc.) and incubated at 37˚C with 5% CO 2 . The culture medium was replaced with fresh medium every 2 days, and the confluent cells were isolated using trypsin-EDTA solution (0.05%; Invitrogen; Thermo Fisher Scientific, Inc.). HemECs at passages 6-8 were used in the present study.
HemECs at passage 6 were harvested and fixed in 2.5% glutaraldehyde at 4˚C for 2 h and coated using 1% osmium tetroxide, then observed under both inverted phase contrast microscope and scanning electron microscope (SEM; magnificatiom, x8,000).
Immunocytochemical staining. Cell climbing slices were made using HemECs at sixth passage and then treated with paraformaldehyde for 30 min at room temperature. The cells were treated with 5% normal goat serum (Abcam, Cambridge, UK) for 10 min at rrom temperature and incubated with anti-factor VIII primary antibody (1 mg/ml; cat. no. ab6190; Abcam) at 4˚C overnight. Following three washes in PBS, sections were incubated with streptavidin-peroxidase (S-P)-conjugated secondary antibodies. The cells were visualized using DAB-chromogen (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) according to the manufacturer's protocol. Then after gradient alcohol treatment, the cells were treated with dimethylbenzene for 1 min and sealed with neutral resin. Cells were observed using converted microscope at a magnification of x400. Yellow-stained particles indicate the presence of clotting factor VIII.
Sequencing of p53 gene. The full-length sequence of the target gene was determined using Illumina HiSeq 2000 platform (Illumina, Inc., San Diego, CA, USA), as previously described (25) and sequence alignment was done with Quality software (maq.sourceforge.net; version number: Bwa-05.0.tar.bz2), which was corresponding with the sequence of p53, confirming that false positive clones or mutations had not been established (26) .
Construction of high p53 expression model of HemECs.
The coding region of human wild-type p53 gene was amplified and inserted into the Bg1II site of the 1 µg plasmid p3XFlag-CMV7.1 (Fermentas; Thermo Fisher Scientific, Inc.) (27) . As the resultant plasmid p3XFlag-CMV-p53 did not express green fluorescent protein (GFP), the 1 µg pEGFP plasmid (Fermentas; Thermo Fisher Scientific, Inc.) was co-transfected. HemECs were transferred to 12-well plates, seeded at 2x10 6 cells/well and incubated overnight at 37˚C. Transfection with p3XFlag-Cmv7.1 or pEGFP was performed using EndoFectin™ (GeneCopoeia, Inc., Rockville, MD, USA). A total of 0.5 µg plasmid DNA was mixed with 1.5 µl EndoFectin™ to generate a final concentration of 0.33 µg DNA/ml, which is then dissolved in serum-free RPMI-1640. The resulting complex was incubated at 37˚C for 3 h and then added to cells in 12-well plates. The cells were incubated at 37˚C for 3 h and then washed using RPMI-1640. The cells were incubated at 37˚C for a further 32 h in RPMI-1640 with 10% FBS prior to further experimentation. Fluorescence microscopy was performed to determine transfection efficiency (magnification, x400).
Construction of a low p53 expression model of HemECs.
Pifithrin-α (PFT-α; Merck KGaA, Darmstadt, Germany) was used to inhibit p53-induced apoptosis pathways. Serum-starved HemECs were treated with PFT-α at gradient concentrations (100 and 500 nM; and 1, 10, 5, 100 and 200 µM) for 3 h at 37˚C followed by treatment with propranolol (100 µmol/l at 37˚C for 24 h) (8, 9, 28, 29) . Cells were harvested according to morphological alterations and investigated for apoptosis using an Annexin V-fluorescein isothiocyanate (FITC) kit (Trevigen, Inc., Gaithersburg, MD, USA), according to the manufacturer's protocol. Morphological alterations associated with apoptosis were observed under a fluorescent microscope at a magnification of x400.
Ve r i f i c a t i o n o f H e m E C m o d e l s v i a re v e r s e transcription-quantitative polymerase chain reaction (RT-qPCR).
RNA from HemEC models and a blank control group was isolated using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and its purity and concentration were investigated using ultraviolet spectrophotometry and A260/A280 ratio of 1.8-2.1 was considered as acceptable purity of the RNA. Complimentary DNA synthesis was performed using reverse transcriptase and oligo(dT) primers (Thermo Fisher Scientific, Inc.). RevertAid M-MulV Reverse Transcriptase (200 u/µl; 1 µl), oligo(dT) primer 1 µl; 5X reaction buffer 4 µl were used for reverse transcription. The temperature protocol of reverse transcription was 42˚C for 60 min and then 70˚C for 5 min. Primer sequences used for PCR are detailed in Table I . SYBR-Green Super Mix (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used for qPCR. The following thermocycling conditions were used for the qPCR: Initial denaturation at 95˚C for 10 min; 40 cycles of 95˚C for 15 sec and 60˚C for 30 sec. Expression levels were quantified using the 2 -ΔΔCq method (30) . All expression levels were normalized to GAPDH.
Drug treatment and apoptosis analysis. HemECs were cultured overnight at 37˚C and then assorted into six groups, including the blank control group, dosing+transfection group, transfection group, dosing+inhibitor group, inhibitor group and dosing group. Blank control group, HemECs untreated; Dosing Group, HemECs treated with Propranolol 100 µM/l; Inhibitor group, HemECs treated with PFT-alpha (10 µM/l); Dosing + Inhibitor Group, HemECs treated with PFT-α (10 µM/l) for 3 h and then treated with propranolol (100 µM/l) for 3 h; Transfection Group, high p53 expression model of HemECs untreated; and Dosing + Transfection group, high p53 expression model of HemECs treated with propranolol (100 µM/l) for 3 h. All treatments were at 37˚C. The Dosing and transfection group were incubated with propranolol (100 µM/l) for 3 h following transfection. In addition, HemECs in Dosing + Inhibitor group were treated with propranolol for 3 h following addition of PFT-α (10 µm). Following this treatment, cells were collected, washed and subjected to apoptosis analysis using an Annexin V-FITC kit (Trevigen, Inc.), according to the manufacturer's protocol. The cells were analyzed on a FACScan flow cytometer with Cell Quest software (version 5.1; BD Biosciences, Franklin Lakes, NJ, USA).
Western blot analysis. Total proteins were extracted using an ultrasonic method (22) following treatment with 1X SDS Sample Buffer (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 30 min at 0˚C. Bicinchoninic acid was used for protein determination. Protein samples (10-30 µg) were separated by 10% SDS-PAGE and then transferred to polyvinylidene fluoride membranes (Ameresco, Inc., Framingham, MA, USA). The protein determination method we uses was BCA method. The membranes were incubated at 37˚C with Ponceau staining solution (0.1%) for 2 min followed by incubation at 37˚C with Tris buffered saline containing Tween-20. The membranes were blocked with 5% Bovine Serum Albumin (HyClone; GE Healthcare Life Sciences, Logen, UT, USA) at 4˚C for 24 h. The membranes were incubated overnight at 4˚C with the following primary antibodies: Anti-β-actin (cat. no. ab8226; dilution, 1 mg/ml, molecular weight 45 kDa), antibody against tumor necrosis factor receptor superfamily member 6 (FAS; cat. no. ab133619, dilution 1:1,000), p53-induced death domain-containing protein (PIDD; cat. no. ab78389, dilution 1 µg/ml), death receptor 5 (DR5; cat. no. ab199357, dilution 1:1,000), apoptosis regulator BAX (BAX; cat. no. ab53154, dilution 1:1,000), BH3-interacting domain death agonist (BID; cat. no. ab32060, dilution 1:1,000), p53 unregulated modulator of apoptosis (PUMA; cat. no. ab33906, dilution 1:1,000), insulin-like growth factor-binding protein 3 (IGF-BP3; cat. no. ab77635, dilution 0.03 µg/ml) and phosphatidylinositol-glycan biosynthesis class S protein (PIG-S; cat. no. ab157211, dilution 1:1,000; all Following washing, the proteins were visualized using a western blot fluorography developer kit (Beyotime Institute of Biotechnology, Haimen, China) and scanned as computer files. Densitometry was analyzed using ImageJ software version 1.8.0 (National Institutes of Health, Bethesda, MD, USA) and β-actin expression was used for normalization. All experiments were performed in triplicate.
Statistical analysis. Statistical differences between two groups were determined using the Student's t-test, and the statistical differences between multiple groups was determined using one-way analysis of variance followed by Tukey's post hoc test. All statistical analyses were performed using SPSS 20.0 software for Windows 7 operating system (IBM Corp., Armonk, NY, USA). Data were presented as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results
HemECs are successfully transfected with p53. Colonies were identified via PCR. The results revealed two positive colonies (Fig. 1, lanes 6 and 7) .
Gene amplification. The positive colonies were propagated and the plasmid extracted. Double enzyme digestion was performed to further identify the colony. The results demonstrated that the colony inserted into lane 6 had been successfully transfected with the target sequence Fig. 2 .
Sequencing of Gene. Sequencing of the positive colony of target gene was done. Fig. 3 revealed that the sequence of the target gene in the positive colony was exactly same with that of p53, which confirmed that there were no false positive clones or mutations (Fig. 3) (26) .
Immunocytochemical staining. Immunocytochemical staining results exhibited yellow dyed particles demonstrating the presence of clotting factor VIII related antigen in HemECs. SEM revealed presence of Weibel-Palade bodies (magnification, x8,000; Fig. 4 
) (31).

Transfection with p53 is optimal following 24 h of incubation.
Gene transfection revealed morphological alterations associated with apoptosis, typically rounding and floating of the HemECs (Fig. 5) .
Fluorescence microscopy. The expression of fluorescence was investigated at 6, 12, 18, 24 and 32 h time intervals. The results revealed that the expression of fluorescence increased in a time-dependent manner and at the 24 h time interval, the expression of fluorescence reached a maximum cell transfection ratio ~60% (Fig. 6) . The values were calculated using cell-counting chamber. Total cell number was counted using an inverted microscope followed by the counting of fluorescent cell number using a fluorescence microscope. The transfection ratio=fluorescent cell number/total cell number. Three fields of view were observed. The magnification used was x400.
RT-qPCR analysis reveals the successful establishment of a low p53 expression model group and a high p53 expression model group.
RT-qPCR analysis was performed to further verify the successful establishment of the cell models. The high p53 expression model group, the low p53 expression model group and the blank control groups were investigated. The results revealed that the low p53 expression model group demonstrated significantly suppressed p53 expression compared with the control group (P<0.05; Fig. 7) . Furthermore, the results revealed that the high p53 expression model group Enhanced p53 expression increases the apoptosis rate of HemECs. The results of the f low cytometry and Annexin/propidium iodide (PI) double staining analyses demonstrated a significantly increased rate of apoptosis exhibited by the dosing group compared with the blank control group, thus suggesting that propranolol (100 µM) may induce apoptosis in HemECs. To further investigate the effect of the administration of propranolol on HemECs expressing different levels of p53, a control group and different experimental groups were established, as previously mentioned. Different experimental groups had different level of apoptosis rate. Following treatment with propranolol, the apoptosis rate of the transfection group was significantly enhanced compared with the control group, and the apoptosis rate of the inhibitor group was significantly suppressed compared with the control group. This result demonstrated an association between p53 expression and apoptosis rate (Fig. 9) .
Furthermore, the apoptosis rate of HemECs dosed with propranolol (Dosing group) was significantly enhanced compared with the blank control group and that with the inhibitor group. The apoptosis rate of the Dosing group was significantly increased compared with the Inhibitor group. The apoptosis rate of transfected HemECs treated with propranolol (Dosing + Transfection) was significantly enhanced compared with Dosing group and Transfection groups (Fig. 9) .
BAX expression is significantly upregulated, and IGF-BP3
expression is significantly downregulated, following treatment with propanolol. To determine the mechanism underlying the effect of propranolol on HemECs, the expression of eight proteins associated with the p53 downstream pathway were investigated via western blotting (Fig. 10) . The signaling pathway of p53 gene has been shown in Fig. 11  (Fig. 11 ) which was taken from DAVID Database (david. ncifcrf.gov/home.jsp) (32) .
As presented in Fig. 12 , the expression of BAX in the propranolol group was significantly increased compared with the control group (P<0.05). Furthermore, the expression of IGF-BP3 in the propranolol group was significantly decreased compared with the control group (P<0.05). No significant differences were exhibited by any of the other proteins investigated. BAX activates the release of Cytochrome C via membrane remodeling and increasing membrane permeability, which subsequently results in the activation of caspases Signaling pathway of propranolol inducing apoptosis in HemECs in vitro is presented in Fig. 13 . The figure was constructed using Portable Pathway Builder 2.0. (www.proteinlounge. com/PathwayBuilder.aspx).
Discussion
Despite IH being widely studied, the disease is not completely understood due to differences in therapeutic options and patient ages, in addition to tumor location, stage and size (33, 34) . Treatment is typically initiated during the early proliferative stage of the tumor, at which point numerous treatment options are available (35) (36) (37) (38) (39) .
Propranolol, a nonselective β-blocker, has been demonstrated to be the most effective treatment option available with few adverse side effects (40) . Propranolol has become the first-line treatment option in a number of tertiary healthcare centers around the world (34) . Despite its effectiveness, the underlying therapeutic mechanism through which propranolol attenuates the regression of IH is not completely understood (41) . At a molecular level, propranolol has been revealed to induce the expression of apoptotic genes, such as BAX, p53, caspase-8 and cytochrome C in HemECs (28, 42) . Therefore, the p53-dependent apoptosis pathway may represent a potential mechanism involved in the therapeutic effect of propranolol against IH. In the present study, a high p53 expression model and a low p53 expression model of HemECs was constructed. The results demonstrated enhanced apoptotic activities in the high p53 expression model of HemECs in vitro. Furthermore, eight key proteins downstream of the p53-dependent apoptosis pathway were selected and subsequently detected using western blotting. The results revealed a significant upregulation of BAX expression. In addition, the results suggested that the mitochondrial apoptotic pathway regulated by p53-BAX may be the underlying mechanism responsible for the therapeutic effect of propranolol against IH. However, this result is in contrast with findings of Kum and Khan (43) , which suggested that propranolol inhibits the growth of HemECs without inducing apoptosis. However, the results of the present study are somewhat similar to those obtained by Wong et al (28) , which suggested that propranolol enhances the apoptosis of HemECs, although not hemangioma stem cells (HemSCs), and enhances adipogenesis in HemSCs. The results of the present study differ from the results obtained by Munabi et al (44) who found that the propranolol at doses of <10 -4 M, had reduced cyclic adenosine monophosphate (cAMP) level causing decreased proliferation and viability of HemSC and propranolol at ≥10 -5 M had reduced cyclic adenosine monophosphate (cAMP) levels and increased extracellular signal regulated kinase (ERK1/2) activation, suggesting induction of HemSC apoptosis and cytotoxicity at ≥10 -4 M propranolol. Stimulation with isoprenaline, a β androgen receptor (βAR) agonist, had promoted HemSC proliferation and rescued the antiproliferative effects of propranolol, indicating that propranolol inhibited βAR signaling in HemSCs (44) . The HemSC cell viability suppressed by propranolol was partially rescued by treatment with a cyclic adenosine monophosphate (cAMP) analog or a mitogen activated protein kinase (MAPK) inhibitor (44) . A selective β 2 androgenic receptor (β2AR) antagonist mirrored propranolol's effects on HemSCs in a dose-dependent manner and a selective β1AR antagonist had no effect, supporting a role for β2AR signaling in IH pathobiology (44) . Therefore, Munabi et al (44) demonstrated that propranolol acts on HemSCs in infantile hemangioma to suppress proliferation and promote apoptosis in a dose-dependent manner via β2 adrenergic receptor activation, resulting in reduced cAMP and MAP activation.
Transfection is the process of introducing nucleic acids into cells and is widely used in gene therapy, model construction and drug screening. In the present study, a plasmid with amplified p53 sequences was inserted into HemECs. Flow cytometry analysis, following treatment with propranolol, revealed that the apoptosis rate of transfected HemECs was significantly enhanced compared with the control. PFT-α is a p53 inhibitor that is widely used to study p53 function (45) , and it is able to specifically inhibit the p53-dependent apoptotic pathway (45) (46) (47) . In the present study, the apoptosis rate of HemECs inhibited by PFT-α was significantly suppressed compared with the control. In conclusion, the results suggest that p53 has an important role in propranolol-induced apoptosis.
Apoptosis is a process of programmed cell death in multicellular organisms, and it has an important role in the accommodation and adaptation of organisms. The mitochondrial pathway and the receptor signaling pathway represent the two major apoptosis pathways, and numerous proteins in these two pathways are targets of the p53 gene, including FAS, PIDD, DR5, BID, BAX, PIGs, PUMA and IGF-BP3. Considering this, the present study aimed to investigate the expression level alterations of these proteins between cells treated and untreated with propranolol using western blotting analysis. The results demonstrated that the expression level of BAX was significantly upregulated and the expression level of IGF-BP3 was significantly downregulated following treatment with propranolol, and the expression levels of the other investigated proteins did not significantly alter following treatment with propranolol. A further study (28) revealed that p53 and BAX were upregulated in HemECs following treatment with propranolol. BAX, a member of the Bcl-2 gene family, may be activated by p53 to induce apoptosis (48, 49) . In the present study, the expression level of BAX in HemECs treated with propranolol was significantly upregulated compared with the control, thus suggesting that BAX was activated following treatment with propranolol.
IGF-BP3 is able to interact with the cell surface proteins and is involved in the process of transduction of extracellular signals into cells with corresponding ligands (50) . It has previously been demonstrated that there is a negative association between IGF-BP3 and p53 (51, 52) . In the present study, the expression level of IGF-BP3 was suppressed following treatment with propranolol, thus suggesting that p53 expression is upregulated. BAX activates the release of Cytochrome C via membrane remodeling and increasing membrane permeability, which subsequently results in the activation of caspases (Fig. 12) .
A previous study (24) demonstrated that the p53-dependent pathway is the mechanism underlying the propranolol-induced apoptotic effect on HemECs in vitro so and the clinical use of propranolol has been increased gradually (53, 54) . In the present study, propranolol was revealed to have an apoptotic effect on HemECs in vitro and, simultaneously, the expression of BAX by the mitochondrial pathway was significantly elevated. Furthermore, the results of the present study demonstrated that enhanced p53 expression increased the apoptosis rate of HemECs, in which the p53-BAX-mediated mitochondrial pathway has an important role. Therefore, the results of the present study suggested that p53-BAX-mediated apoptosis of HemECs is the underlying mechanism responsible for the therapeutic effect of propranolol administration against IH.
